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Abstract. An accurate prediction of coastal current speed profile and direction has 
been a subject of interest. Witten and Thomas (1975) made a study based on a model with 
zero surface slope and a no-slip bottom condition. Murray and Young (1984) added surface 
slopes caused by wind stresses to this model. However, the no-slip condition does not 
necessarily agree with the real world. This paper proposes a model with a quadrtic bot- 
tom slip boundary condition according to Charnock (1959). The solution to the inhomoge- 
nous modified Bessel equation can no longer be solved explicitly. Two loops of itera- 
tion are required to obtain the solution. The outer loop iterates the surface slopes and 
the inner loop iterates the arbitrary constants, until the onshore current components 
are conserved. The results compare favorably to the constant eddy viscosity theory re- 
sults and actual measurements. 
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INTRODUCTION 
Due to increasing activities offshore by the petro- 
leum industry, subsea mining, and accidental oil 
spillage, the need for accurately predicting three 
dimensional current profile in coastal and shelf 
waters is of great interest. Information from cur- 
rent speed profiles and directions would be useful 
for making sound judgements in coastal management 
and environmental engineering. Not many studies 
have been done for wind-driven currents. Wiegel 
discussed wind-driven currents in general. Witten 
and Thomas discussed steady wind-driven currents 
in a large lake with depth-dependent eddy viscosi- 
ty. Their paper analyzed a pure drift current case 
in which zero surface slope and no-slip bottom con- 
ditions were imposed. Murray and Young modified 
this technique by adding the surface slopes invok- 
ing the continuity condition, so that the integral 
of the current's normal components to the shore is 
conserved. However, in evaluating the arbitrary 
constants in the solution, the no-slip bottom con- 
dition is still required in order to obtain an ex- 
plicit formulation. 
NUMERICAL TECHNIQUE 
In the real world, the velocity at the bottom layer 
of a wind-driven current is not necessarily zero. 
No-slip condition tends to underestimate current 
speeds in shallow water considerably. To correct 
this situation we propose a model with Charnock's 
quadratic bottom slip boundary condition as fol- 
lows: 
where W is the complex horizontal speed, UtiV. Mur- 
ray used this condition for a study of current 
profile with a constant eddy viscosity. But it was 
never applied to a variable eddy viscosity case. 
In a variable eddy viscosity case, Witten and Tho- 
mas originally proposed a vertical viscosity that 
decreases exponentially with depth of the form v= 
vOeaz, where vois the surface eddy viscosity and 
a is the reciprocal of the e-folding length. They 
began with a dimensionless complex horizontal momen- 
turn equation, 
% ce lZJ% -iaWL% a= (2) 
where a = fH'/v is the reciprocal Ekman number and 
A =a H is the rztio of depth to the e-folding len- 
gth of the eddy, as X gets smaller the eddy visco- 
sity tends to be more uniform in the vertical. 
Large values of 1 indicate a steep decrease of eddy 
viscosity with depth (See Figure 1). In this model 
y is positive onshore, x is positive to the right 
looking onshore, and z and n are positive up. By 
allowing an/ax = 0, an/an is a function of y only. 
With the change of variabll es 
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equation (2) becomes 
w = sx, 
an . 1 + ic2) X 5 cx 
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This is an inhomogeneous form of the modified Bes- 
sel equation. The general solution for W is 
(4) 
W = r,[A I1 (i4c) + B K1 (i'c,)] + iz , 
where I and K, are the first order modified Bessel 
functio s, A and A and 8 are the arbitrary constants 
to be determined by invoking the surface stress and 
bottom friction condition. The dimensional sur- 
face wind stress condition is 
0 [v(z)$],,o = T , 
whereP is the density and; is a complex dimen- 
sional wind stress. Rewriting equation (5) in di- 
mensionless form and applying it to equation (4), 
we have 
(6) 
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where T is the dimensionless wind stress. The con- 
stant A can be solved in terms of B from equation 
(6) and they are both complex numbers. The only 
unknown, B. can now be found by invoking the bot- 
tom boundary condition of equation (1). 
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Because of the characteristics of the bottom boun- 
dary condition, the constants A and B can no lon- 
ger be solved explicitly as in the case of no-slip 
condition. An additional iterative process is re- 
quired to achieve the goal. To make use of.the 
bottom boundary condition, both equations for aW/az 
and W are to be evaluated at the bottom position 
for substitution into equation (1). The resulting 
complex equation contains the real part, Bx, and 
the imaginary part. B , of the unknown B. By re- 
grouping all the realYparts and all the imaginary 
parts, the equation can now be separated as simul- 
taneous equations and be solved by an iterative 
procedure. Subsequently, after B and B are found 
A, and Ay can be evaluated by equition (g). 
Our solution procedure is first to guess a value for 
the cross-shore slope an/ay, compute the constants 
A and B by the iterative method mentioned above, and 
then compute the velocity profile from equation (4). 
Next, test to see if the continuity condition 
s ;, V dz = 0 
is satisfied; if it is not, iterate values 
of the slope until the condition is satisfied and 
accept the values of aniay, A, B, and the velocity 
profile as the solution. The procedure essentially 
requires two loops of iteration, the outer loop for 
surface slopes and the inner loop for the arbitrary 
constants. 
MOOELING RESULTS 
Figure 2 gives an example of the solution from the 
exponential eddy viscosity theory with A = 0.1 and 
1.0. The results compare favorably to the constant 
viscosity case and are much better than the no-slip 
bottom condition case. Figure 3 shows a similar 
comparison for a water depth of 10 M with 10 M/set 
wind at 45 degree to the coastline. Figure 4 shows 
the same comparison for a water depth of 50 M. There 
are some observed data by Saylor under winds of 
8 M/set at 30 degree to the coastline. Figure 5 
shows the comparison of these measured data against 
the constant (v, = 300) and variable (vo = 330, X = 
0.1 and 1.0) viscosity cases. Since the water dep- 
th is only 6 M, variable viscosity results have lit- 
tle significance in a well mixed water. Figures 6 
and 7 demonstrate the deep water cases, 100 M and 
200 M respectively. Both alongshore and onshore 
components of the flow are plotted separately as a 
function of depths. Comparison is made between con- 
stant and variable viscosity cases with v. = 425 and 
A = 1 at these depths. Only the structure of the 
onshore currents differs somewhat, the alongshore 
currents differ very little. 
eddy viscosity theory, variable eddy viscosity 
with no-slip bottom condition and variable eddy 
viscosity with slip bottom condition (shown in 
CONCLUSION 
The variable viscosity with slip bottom condition 
case is definitely an improvement over the no-slip 
bottom condition case. In most situations, there 
is very little difference between the constant eddy 
viscosity and variable eddy viscosity cases. The 
onshore velocity profile of the variable viscosity 
seems to deviate somewhat from that of the constant 
viscosity case only in deep water situation. How- 
ever, there is a need for improvement in predicting 
the onshore components of the profile for both the 
variable and constant viscosity cases, since they 
are small compared to the measured values. 
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Fig. 1 The effect of X on the vertical profile of 
the eddy viscosity 
dashed lines). Wind is 5 M/set at 45' to 
coast. 
WIND-DRIVER COASTAL 
ALONOSltORE SPEED 
5 10 15 20 25 30 cm/see 
W=lOm/soc 
Fig: 3 As in Fig. 2, except wind is 10 M/WC and 
depth is 10 M. 
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6 Comparison of alongshore, U, and onshore, 
V, components ot currents for constant 
variable eddy viscosity theories under 
10 M/set at 45'to the coast. 
winds of 
Fig. 4 As in Fig. 3, except depth is 50 M. 
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Fig. 5 Speed and direction of currents observed 
by Saylor (1966) under winds of 8 M/set at 30° 
to the coast compared to constant eddy visco- 
sity theory and variable eddy viscosity with 
bottom slip condition (shown in dashed lines). 
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Fig. 7 As in Fig. 6, except depth is 200 M. 
